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 13 
Raman spectra of two well-defined types of koritnigite crystals from the 14 
Jáchymov ore district, Czech Republic, were recorded and interpreted. No 15 
substantial differences were observed between both crystal types. Observed 16 
Raman bands were attributed to the (AsO3OH)2- stretching and bending 17 
vibrations, stretching and bending vibrations of water molecules and 18 
hydroxyl ions. Non-interpreted Raman spectra of koritnigite from the 19 
RRUFF database, and published infrared spectra of cobaltkoritnigite were 20 
used for comparison. The O-H...O hydrogen bond lengths in the crystal 21 
structure of koritnigite were inferred from the Raman spectra and 22 
compared with those derived from the X-ray single crystal refinement. The 23 
presence of (AsO3OH)2- units in the crystal structure of koritnigite was 24 
proved from the Raman spectra which supports the conclusions of the X-25 
ray structure analysis.   26 
 27 
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Introduction 32 
 33 
The role of the hydrogen-arsenate group (AsO3OH)2- in synthetic solid-state 34 
compounds and natural minerals indicates their specific conditions of origin and formation, 35 
especially substantial acid environment. [1] Detailed research of such solid-state compounds 36 
in the natural environment brings therefore much information on the behavior of arsenic and 37 
other elements (especially cations such as Cu, Co, Ni, Zn, Fe, Ca, Mg, etc.) under conditions, 38 
which enable their large mobility and influence also the environment. [2-6] 39 
 40 
The mineral phase, koritnigite Zn(AsO3OH)·H2O, was described as a rare mineral 41 
formed in the lower supergene zone of the famous base metals deposit Tsumeb, Namibia, in 42 
association with tennantite, cuprian adamite, stranskiite, lavendulan, köttigite, tsumcorite, 43 
prosperite and o’danielite. [7-8] Later, the Co- and Ni-rich variety of koritnigite was found at 44 
the Jáchymov ore district, Czech Republic, associated with erythrite, arsenolite and 45 
sphalerite. [9] The Co-dominant analogue of koritnigite, (Co, Zn)(AsO3OH).H2O, mineral 46 
cobaltkortnigite was described as a weathering product of glaucodote or cobaltite, associated 47 
with erythrite-köttigite, sphaerocobaltite, pitticite, glaucodot, löllingite-safflorite, 48 
arsenopyrite and quartz (Schwarzenberg), and erythrite, cobaltite, calcite, barite and quartz 49 
(Bauhaus district, both Germany). [10] 50 
 51 
Koritnigite and cobaltkoritnige are triclinic of the space group P-1. [10-12] The crystal 52 
structure of koritnigite consists of strongly deformed Zn(H2O)(OH)O4 octahedra and 53 
AsO3OH tetrahedra. The AsO3OH tetrahedra form chains in the plane (010), parallel to the 54 
layer-packed octahedra. [11] Koritnigite from Tsumeb is colourless to white [7], Co- and Ni 55 
variety of koritnigite from Jáchymov is rose with a purple tint [9] and cobaltkoritnigite from 56 
Schwarzenberg is intense purple. [10]  Data on the crystal structure of koritnigite may be 57 
obtained from the American Mineralogist data base at 58 
http://rruff.geo.arizona.edu/AMS/minerals/Koritnigite 59 
 60 
The aim of this paper is to report the Raman spectra of koritnigite, and to relate the 61 
spectra to the molecular structure of this hydrogen-arsenate mineral. The paper follows the 62 
systematic research of the large group of supergene minerals [13-16] and especially molecular 63 
structure of minerals containing oxyanions using IR and Raman spectroscopy. [17-36]      64 
 65 
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 66 
EXPERIMENTAL 67 
 68 
Minerals 69 
 70 
Two studied samples of the mineral koritnigite were found in the Jáchymov ore 71 
district, the Krušné hory Mountains, Western Bohemia, Czech Republic. [37] The first, 72 
labelled as "large crystals" (L) is characterized by strawberry pink to pale purple individual 73 
crystals formed radiating aggregates up to 1 mm across, while the second, labelled  as "small 74 
crystals" (S) by dark purple aggregates formed by tiny (up to 50 μm) crystals. 75 
 76 
Both samples were analysed for the phase purity by the X-ray powder diffraction, and 77 
no significant impurities were found. Their refined unit-cell parameters for the triclinic space 78 
group P-1 are: a = 7.902(2), b = 15.763(4), c = 6.645(3) Å, α = 90.98(5), β = 96.63(5), γ = 79 
89.87(2)o, V = 822.1(5) Å3 (large crystals) and a = 7.903(2)), b = 15.756(4), c = 6.643(3) Å, α 80 
= 90.73(5), β =  96.62(6), γ =  89.91(2)o, V =  821.6(5) Å3 (small crystals); are comparable 81 
with the data published for koritnigite. [7,11]. 82 
 83 
The koritnigite samples were quantitatively analysed by Cameca SX 100 microprobe 84 
system in the wavelength dispersion mode for the chemical composition. Studied samples 85 
were mounted into the epoxide resin and polished. The polished surface was coated with 86 
carbon layer 250 Å. An acceleration voltage of 15 kV, a specimen current of 10 nA, and a 87 
beam diameter of 10 μm were used. The following lines and standards were applied: Kα: 88 
andradite (Ca, Fe), CaF2 (F), CoO (Co), fluorapatite (P), NiO (Ni), sanidin (Al), ZnO (Zn); 89 
Lα: lammerite (Cu, As); Mα: vanadinite (Pb, V, Cl). Peak counting times (CT) were 20 s for 90 
main elements and 60 s for minor ones, CT of each background was ½ of peak time. The raw 91 
intensities were converted to the concentrations using automatic PAP matrix correction 92 
software package. The found chemical composition (Table 1) is consistent with the ideal 93 
stoichiometry of koritnigite-type mineral phases. In case of large crystals (L) studied were 94 
found Co contents in the range 0.10 - 0.18 apfu, while the small ones (S) contained 0.20 - 95 
0.22 apfu Co. Observed Co contents positively correlate with the intensity of purple 96 
coloration of studied samples. Observed Co contents are slightly higher than in the case of 97 
koritnigite from Jáchymov as was given by Schmetzer et al. [9] (range 0.11 - 0.13 apfu) and 98 
RRUFF database (R060654 up to 0.15 apfu). On the basis of As = 1, chemical formulas of 99 
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studied koritnigite samples may be expressed as 100 
(Zn0.79Co0.14Ni0.02)Σ0.95[AsO3(OH)0.99F0.01]Σ1.00 . H2O (large crystals) and 101 
(Zn0.72Co0.21Ni0.04)Σ0.97[AsO3(OH)]1.00 . H2O (small crystals). 102 
 103 
Raman spectroscopy 104 
 105 
Samples of koritnigite crystals were placed on a polished metal surface on the stage of 106 
an Olympus BHSM microscope, which is equipped with 10x, 20x, and 50x objectives. The 107 
microscope is part of a Renishaw 1000 Raman microscope system, which also includes a 108 
monochromator, a filter system and a CCD detector (1024 pixels). The Raman spectra were 109 
excited by a Spectra-Physics model 127 He-Ne laser producing highly polarised light at 633 110 
nm and collected at a nominal resolution of 2 cm-1 and a precision of ± 1 cm-1 in the range 111 
between 200 and 4000 cm-1. Repeated acquisitions on the crystals using the highest 112 
magnification (50x) were accumulated to improve the signal to noise ratio in the spectra. 113 
Spectra were calibrated using the 520.5 cm-1 line of a silicon wafer.  Previous studies by the 114 
authors provide more details of the experimental technique. Alignment of all crystals in a 115 
similar orientation has been attempted and achieved. However, differences in intensity may 116 
be observed due to minor differences in the crystal orientation.  117 
 118 
Spectral manipulation such as baseline correction/adjustment and smoothing were 119 
performed using the Spectracalc software package GRAMS (Galactic Industries Corporation, 120 
NH, USA). Band component analysis was undertaken using the Jandel ‘Peakfit’ software 121 
package that enabled the type of fitting function to be selected and allows specific parameters 122 
to be fixed or varied accordingly. Band fitting was done using a Lorentzian-Gaussian cross-123 
product function with the minimum number of component bands used for the fitting process. 124 
The Gaussian-Lorentzian ratio was maintained at values greater than 0.7 and fitting was 125 
undertaken until reproducible results were obtained with squared correlations of r2 greater 126 
than 0.995.  127 
 128 
RESULTS AND DISCUSSION 129 
 130 
Arsenate vibrations 131 
 132 
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 According to Myneni et al.  [38,39] and Nakamoto [40], (AsO4)3- is a tetrahedral unit, 133 
which exhibits four fundamental vibrations: the 1 symmetric stretching vibration (A1) 818 134 
cm-1, Raman active; the doubly degenerate 2 symmetric bending vibration (E) 350 cm-1, 135 
Raman active; the triply degenerate 3 antisymmetric stretching vibration (F2) 786 cm-1, and 136 
the triply degenerate 4 bending vibration (F2) 405 cm-1, both infrared and Raman active. 137 
Protonation, metal complexation, and/or adsorption on a mineral surface should cause change 138 
in (AsO4)3- symmetry from Td to lower symmetries, such as C3v, C2vor C1. This loss of 139 
degeneracy causes splitting of degenerate vibrations of (AsO4)3- and the shifting of the As-140 
OH stretching vibrations to different wavenumbers.  141 
 142 
Such chemical interactions reduce (AsO4)3- tetrahedral symmetry, as mentioned 143 
above, to either C3v/C3 (corner-sharing), C2v/C2 (edge-sharing, bidentate binuclear), or C1/Cs 144 
(corner-sharing, edge-sharing, bidentate binuclear, multidentate). [38,39]  In association with 145 
(AsO4)3- symmetry and coordination changes, the A1 band may shift to different 146 
wavenumbers and the doubly degenerate E and triply degenerate F modes may give rise to 147 
several new A1, B1, and/or E vibrations. [38,39] In the absence of symmetry deviations, 148 
(AsO3OH)2- in C3v symmetry exhibit the s As-OH and as and s (AsO3OH)2- vibrations 149 
together with corresponding the  As-OH in-plane bending vibration,  As-OH out-of-plane 150 
bending vibration, s (AsO3OH)2- stretching vibration and as (AsO3OH)2- bending vibration. 151 
[41-43]  Keller [41] assigned observed the following infrared bands in Na2(AsO3OH)·7H2O 450 152 
and 360 cm-1 to the as (4) (AsO3OH)2- bend (E), 580 cm-1 to the  As-OH out-of-plane 153 
bend, 715 cm-1 to the  As-OH stretch (A1), 830 cm-1 to the as (AsO3OH)2- stretch (E), and 154 
1165 cm-1 to the  As-OH in-plane bend. In the Raman spectrum of Na2(AsO3OH)·7H2O.  155 
Vansant et al. [42,43] attributed observed Raman bands to the following vibrations 55, 94, 116 156 
and 155 cm-1 to lattice modes, 210 cm-1 to  (OH…O) stretch, 315 cm-1 to (AsO3OH)2- 157 
rocking, 338 cm-1 to the s (AsO3)2- bend, 381 cm-1 to the as (AsO3OH)2- bend, 737 cm-1 to 158 
the s As-OH stretch (A1), 866 cm-1 to the as (AsO3OH)2- stretch (E). 159 
 160 
Raman spectroscopy of koritnigite 161 
 162 
 Triclinic centrosymmetric koritnigite contains four symmetrically distinct As5+ and 163 
four symmetrically distinct Zn2+ [11].Raman spectra of large (L) and small (S) crystals 164 
(Jáchymov, Czech Republic) are discussed and compared with Raman spectra of koritnigite 165 
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inferred from RRUFF database (R060654) and infrared spectra of cobaltkoritnigite published 166 
by Keller et al. [7]  167 
 Raman bands at 3474, 3182, 3005 and 2770 cm-1 (L) and at 3476, 3286, 3148 and 168 
2754 cm-1 are assigned to the  OH stretching vibrations of hydrogen bonded water 169 
molecules, while those at 2434 and 2285 cm-1 (L) and 2457, 2329 and 2195 cm-1 (S) to the  170 
OH stretching vibrations of strongly hydrogen bonded (OH)- ions in the (AsO3OH)2- units. 171 
According to Keller et al. [7], infrared bands in the spectrum of cobaltkoritnigite were 172 
observed at 3480, 3200, 2770, 2420 and 2280 cm-1 and are close to the Raman spectra 173 
studied. The O-H...O hydrogen bond lengths inferred from the Raman spectra studied are 174 
located in the range 2.87-2.55 Å (L) and 2.87-2.54 Å (S) [39] and are comparable with those 175 
from the X-ray crystal structure 2.93-2.51 Å. [11] Raman bands at  1597 cm-1 (L) and 1603 176 
and 1591 cm-1 (S) are connected with the 2 () H2O bending vibrations. The Raman band at 177 
1755 cm-1 may be probably related to a combination band or overtone. Keller et al. [7] 178 
attributed infrared bands at 1645 and 1560 cm-1 to these vibrations. Raman bands at 1303 cm-179 
1 (L) and 1305 cm-1 (S) are assigned to the  As-OH bending vibrations, close to 1300 cm-1 180 
observed in the infrared spectrum by Keller et al. [7]  181 
 In the range from 700 to 900 cm-1, a set of Raman bands was observed: 895, 877, 842, 182 
813 and 766 cm-1 [L], 895, 877, 840, 812 and 766 cm-1 (S), 891, 877, 841, 812 and 766 cm-1 183 
[RRUFF] and infrared bands at 845, 815 and 760 cm-1. [7] Respecting intensities of observed 184 
bands, the bands close to 813 cm-1 are attributed to the 1 (AsO3OH)2- symmetric stretching 185 
vibrations, while the bands in the range from 895 to 740 cm-1 are assigned to the split 186 
degenerate 3 (AsO3OH)2- antisymmetric stretching vibrations. Raman bands close to 766 187 
cm-1 (L,S) are connected with the  As-OH stretching vibrations. Raman bands at 467, 427 188 
and 397 cm-1 (L), 459, 428 and 396 cm-1 (S) and 456, 424 and 394 cm-1 (RRUFF) are 189 
attributed to the split degenerate 4 (AsO3OH)2- bending vibrations and those at 372 and 330 190 
cm-1 (L), 372 and 327 cm-1 (S) and 370 and 327 cm-1 (RRUFF) to the 2 (AsO3OH)2- bending 191 
vibrations. Keller et al. [7] assigned infrared bands at 388 and 378 cm-1 and 350 and 320 cm-1 192 
to these vibrations, respectively. Raman bands at lower wavenumbers as 300 cm-1 are 193 
assigned to the lattice vibrations.     194 
 195 
CONCLUSIONS 196 
 197 
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(1) Raman spectra of two different types of koritnigite crystals from Jáchymov (Czech 198 
Republic) were recorded, tentatively interpreted and compared with wavenumbers 199 
inferred from the Raman spectra of koritnigite (RRUFF database) and published [9] 200 
infrared spectrum of cobaltkoritnigite. No substantial differences in the spectra of 201 
both types of koritnigite crystals were observed. 202 
(2) Observed Raman bands were assigned to the (AsO3OH)2- stretching and bending 203 
vibrations and to the stretching and bending vibrations of water molecules and 204 
hydroxyl ions from the (AsO3OH)2- units.  205 
(3) O-H...O hydrogen bond lengths were inferred from the Raman spectra with empirical 206 
data by Libowitzky. [39] They are comparable with those from X-ray crystal structure 207 
of koritnigite. [11] 208 
(4) The presence of (AsO3OH)2- units in the crystal structure of koritnigite was inferred 209 
from the Raman spectra. This observation is in agreement with and supports the data 210 
from the crystal structure of koritnigite. [11]   211 
 212 
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Tables 287 
 288 
Table 1. Chemical composition of studied koritnigite (wt%) 289 
 290 
 large crystalsa  small crystalsb  
 Mean Range Mean Range  Idealc 
CaO 0.03 0.00 - 0.06 0.03 0.00 - 0.07  
FeO 0.02 0.00 - 0.07 0.03 0.00 - 0.08  
PbO 0.06 0.00 - 0.14 0.00 -   
CuO 0.03 0.00 - 0.08 0.03 0.00 - 0.06  
CoO 4.89 3.72 - 6.07 7.14 6.83 - 7.40  
NiO 0.79 0.24 - 2.03 1.21 0.79 - 1.40  
ZnO 28.89 26.90 - 31.54 26.51 25.93 - 27.22  36.49
Al2O3 0.03 0.00 - 0.06 0.01 0.00 - 0.04  
As2O5 51.85 51.29 - 52.29 51.94 51.75 - 52.09  51.39
F 0.06 0.02 - 0.10 0.04 0.00 - 0.10  
H2O* 12.22   12.23   12.12
      
Total 98.87   99.16   100.00
H2O* - content calculated on the basis of the theoretical content 3H+ ions in koritnigite. 291 
a Mean and range of six point analyses. 292 
b Mean and range of six point analyses. 293 
c Calculated composition for ideal koritnigite formula Zn(AsO3OH)·H2O 294 
 295 
296 
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Captions for Figures  297 
 298 
 299 
Fig. 1 Raman spectra of koritnigite (L) (1a) and koritnigite (S) (1b) in the range from 300 
600 to 1100 cm-1. 301 
 302 
Fig. 2 Raman spectra of koritnigite (L) (2a) and  koritnigite (S) (2b) in the range from 303 
100 to 600 cm-1. 304 
 305 
Fig. 3  Raman spectra of koritnigite (L) (3a) and koritnigite (S) (3b) in the range from 306 
1100 to 2600 cm-1. 307 
 308 
Fig. 4  Raman spectra of koritnigite (L) (4a) in the range from 2600 to 3800 cm-1 and 309 
koritnigite (4b) from 2600 to 3600 cm-1. 310 
 311 
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